Brainstem evoked response audiometry is a powerful diagnostic technique in audiology, otology and neurology. ABR(Auditory Brainstem Response) machine has been very useful and popular in past two decades for detection of hearing defects and pathologies in newborns and children. In ABR, wave V is the most prominent and robust wave that has been used as indicator of hearing loss. However, a fast detection of the wave V is necessary in order to implement newborn hearing screening. Researchers have introduced different kind of signal processing technique in order to achieve this target and one of this is Fast Fourier Transform (FFT) and Wavelet Transform. In this study, the instantaneous energy of ABR signal had been introduced as a marker to identify the ABR waves. Study showed that the instantaneous energy of auditory brainstem response can be used as a marker to identify the ABR waves. This study had proposed a platform for fast hearing screening system.
INTRODUCTION

Newborn Hearing Screening
Hearing screening of neonates is the key to prevent the most serious consequences of hearing loss. One of the most common neurosensory handicaps in newborns and children is congenital hearing loss [1, 2] . Hearing plays a basic role in speech, intellectual and language development. The importance of early detection and rehabilitation of infants with hearing impairment cannot be overstated. Unfortunately, the average time between birth and the detection of congenital sensorineural (SN) hearing loss is 2.5 years. The American Joint Committee on Infant Hearing recommended that audio logical rehabilitation should begin within the first 6 months of life (3) . In cases with pronounced hearing loss even no speech ability will be developed at all causing serious communication problems and impaired intellectual and emotional development. The consequences of being deaf-mute are the needs of special schools and care, social isolation and no development of potential skills. Thus there are serious medical and economical consequences for the entire society due to this problem [1] .
According to the World Health Organization, 5 per 1,000 neonates are born with significant hearing loss. Data on prevalence of congenital Permanent Childhood Hearing Impairment (PCHI) differs from country to country. The prevalence of PCHI has been estimated to be 1.1-1.5 for every 1000 live births in Estonia, 1 in 900 in the UK to 1 in 2500 newborns in Atlanta, Georgia. The prevalence of Hearing loss is variable among different races, birth weight and other pregnancy risk factors. It is 10-20 times higher in high risk babies as compared to normal babies.
In Malaysia, there is no published data on the actual prevalence of hearing impairment in children. Estimated figures obtained from the Statistics Division, United Nations Economic and Social Commission for Asia and the Pacific (ESCAP) (2002) indicate that Malaysia with a total population of 23.8 million and birth rate of 23.5 per 1000 population has about 559,000 babies born in a year. If the prevalence of hearing loss of 1.5 in every 1000 live births is applied in our population, a rough estimate is that about 840 babies with hearing loss are born each year in this country [2] . However, one study case have been done to determine the prevalence of hearing loss among newborns delivered at Hospital University Malaya shows that the prevalence is 0.42% (16/3,762) [3] .
All over the world, strategies used in UNHS are based on otoacoustic emissions (OAE) and auditory brainstem response (ABR). Particularly, methods based on ABR are well-considered due to their high specificity and Copyright © 2010 SciRes. JBiSE sensitivity rates, and their high correlation between impairment and alteration in the ABR pattern [4] . OAE testing evaluates the integrity of the inner ear (cochlea). In response to noise, vibrations of the hair cells in a healthy inner ear generate electrical responses, known as otoacoustic emissions. The absence of OAEs indicates that the inner ear is not responding appropriately to sound [5] . There are two types of OAE screening techniques, Transient Evoked Otoacoustic Emissions (TEOAEs) and Distortion Product Otoacoustic Emissions (DPOAEs) [5, 6] . The Auditory Brainstem Response (ABR) is one of the most widely used auditory evoked potentials (AEP). The ABR is a far-field, differentially averaged, electrophysiologically recorded signal. It represents the summed and averaged responses of thousands of nerve fibres to repeated acoustic stimulation [7] . The stimulus is delivered via earphones or an inserted ear probe and scalp electrodes are used to pick up the signal. ABR evaluates the integrity of the peripheral auditory system and the auditory nerve pathways up to the brainstem and is able to identify infants who have normal cochlear function but abnormal eighth-nerve function (auditory neuropathy) [5] . Detection of wave V in the ABR measurements is the most reliable objective diagnosis and quantification of hearing loss in children [8] [9] [10] [11] . Due to a poor signal-to-noise ratio, 2000-4000 sweeps have to be averaged to obtain a meaningful, visually noticeable signal at a particular stimulation level [12] .
Usually in Malaysia, Hearing Screening is done when babies are brought to the Maternal Child Health Clinics or private clinics for their routine immunization using the Infant Distraction Test or when children fail to attain normal language milestones (personal communication). Recently, newborn hearing screening has been introduced in a few hospitals on a regular basis in the Klang Valley. In other centers, babies with high risk factors such as prolonged NICU stay, craniofacial anomalies or previous history of meningitis are usually referred earlier for a full audiological assessment. Typically, screening programs use a 2-stage screening approach, either OAE repeated twice, OAE followed by ABR, or ABR repeated twice, or use a 3-stage screening approach, OAE repeated twice and followed by ABR [13, 14] . NHS programs are commonly conducted as multiple stage procedures. Figure 1 shows the implementation of universal NHS in the state of Saarland, Germany [6] .
ABR Recording System
In 1984, an automated electric response audiometry recording system has been developed [15] . It uses Nascom 2, an 8 bit microcomputer with a Z80A processor running at 4 MHz, 32 KB RAM and 8 input/ output ports, 12 bit analog to digital converter, low noise differential amplifier, optically isolated amplifier and DC to DC converter. An electro-sensitive printer has been used to record the patient information and the ABR result. The gain of the amplifier depends on the fullscale voltage range of the A-D converter and mini-mum voltage input requirements [16] . Typical gain values for evoked response systems range from 10,000-500,000 [16] [17] [18] [19] [20] [21] [22] . Taking care of the gain of the amplifier is important. It must be low enough to avoid saturation [23] .
Frequency bandwidth is important in order to get the correct range for the signal. The frequency bandwidth of the ABR signal, typically range from 20 Hz-5 kHz [24] [25] [26] . This bandwidth will pass the wave v and slow SN10 components of the ABR which are important in the estimation of hearing thresholds. There are variety of sampling rate value with variety of resolution bits that has been used to sample the ABR signal; 12.8, 20 and 50 kHz; 12 and 16 bit [19, 20, 26 ].
Wave V Detection
Various kinds of methods have been introduced for detection of ABR waves. Woodworth et al. [9] , introduced a matched filter technique, derived from an ABR obtained at high stimulus level in order to calculate wave V latency at lower intensity level as shown in Figure 2 . Strauss et al. [12] , introduced an approach for detection of ABRs using a smart single sweep analysis system. The method used a small number of sweeps which is decomposed by optimized tight frames and evaluated by a kernel based novelty detection machine [12] . Delgado and Ozdamar [18] , mentioned that results of spectral analysis, spectral filtering and fiber-tract modeling of ABRs were used to determine the most suitable filters to detect the position of the various peaks. These analyses revealed general trends in ABR composition from one intensity to another and were used to write labeling rules [18] . Wilson and Aghdasi [15] , used a Discrete Wavelet Transform (DWT) of ABR signals in order to detect the ABR waves. The wavelets technique is used to decompose a signal into discrete sets of details (high frequencies) and approximations (low frequencies). The different scaled signals are then rebuilt from their resulting wavelet coefficients and analyzed in a method similar to the full signal analysis [24] . In this study, the instantaneous energy of ABR signal has been introduced as a marker to identify the ABR waves. Instantaneous energy technique has previously been employed in other applications of ECG and heart sound signal processing, such as heart sound segmentation [27, 28] . Figure 3 shows the diagram of the hardware system setup. It consists of (A) gTec USBamp, a biosignal amplifier and data acquisition machine, (B) gPAH, a programmable attenuator, (C) trigger box, (D) headphone, (E) laptop, (F) MP3 player and (G) electrodes. The gTec USBamp was used to amplify and acquire the ABR signals. The gPAH was used to attenuate the click stimulus produced by MP3 player. MP3 player could be replaced by a laptop as well. The study was done on infants at Pusat Kesihatan (Health Clinic) UTM, JB, Malaysia. The infants were included in the study after a written consent signed by their parents. Our Team included biomedical engineers, nurses and medical doctor. Under supervision of medical doctor, the electrodes were applied by nurses on the infant's frontal parietal (FP) area and mastoid process. Trigger box was used to produce trigger signal from the click stimulus where as different laptops were used in the experiments in order to get smooth clicks. The triggered signal was used to segment the ABR signals. The recorded signals were transferred to a laptop by gTec USBamp via USB port. The recorded signal was filtered at bandwidth ranges from 100 Hz-3000 kHz. The click stimulus rate was setup at 10 clicks sec -1 and the signal was sampled at 19.2 kHz with 24 bit resolution. The stimulus intensity levels used in the experiments are 80, 70 and 60 dBnHL. The signals were averaged after 2048 click stimulus repetitions. Figure 4 shows the electrode's configuration used in the experiments. The positive electrode (channel 1) was connected to FP2, the negative electrode (reference) was connected to mastoid and ground electrode was connected to forehead. The FP2 IS 10% from nasion on the right side of parietal bone.
MATERIALS AND METHODS
Experiment Setup
Matlab R2006a simulink software had been used to capture the raw ABR signals from the gTec USBamp and analyze the signals. However, few configurations need to be carried out using the Matlab model. The analysis algorithm was written in Matlab M-file format. Figure 5 shows the presentation of the ABR averaged signal and the instantaneous energy of the averaged signal. Figure 5(a) shows the result acquired from a normal person and Copyright © 2010 SciRes. JBiSE and 2 uV respectively. The averaged signal on the 0 baseline used is 500 sweeps, the averaged signal on the 1 baseline used is 250 sweeps, on the 2 baseline used is 125. The dotted vertical line marked the latency of wave V. It can be observed that wave V occurred at specific points in the signal of normal person, Figure 5(a) , but did not occur in the signal of hearing loss person, Figure 5(b) . Table 1 shows the summary of the graph. The normal subject showed results with the latency 5.313 m/sec and amplitude range from 0.335-0.235 uV. The hearing loss subject showed result with the latency 5.156msec and amplitude range from -0.9288 to -0.707 uV. The objective of the study is, to investigate the effecttiveness of instantaneous energy for the detection of [18] . The detection of responses at threshold levels is not trivial and requires an experienced professional. The amplitudes, a, in the Table 1 are obtained by deduction of amplitude appeared on the graph from the baseline. Thus, a, can be written as
RESULTS AND DISCUSSION
where: a = The real amplitude b = The graph amplitude c = The baseline The latency of the signals is obtained by considering the intensity of the click and the peak of instantaneous energy of the signal which is near the latency value that has been referred to the latency curve published by Woodworth et al. [19] . For the intensity of 80 dB, the latency curve shows that the latency should be within 5 m sec. In Figure 5(a) , the peak of the instantaneous energy is 0.2012 which is near the latency within 5 m sec. In Figure 5(b) , the peak of the instantaneous energy that near the latency within 5 ms is 0.5402.Instantaneous energy can detect wave 'V' even at lower sweeps while some other techniques require higher number of sweeps. Table 2 is showing mean, standard deviation and variance of averaged signal and instantaneous energy on time domain. From the table it's obvious that use of instantaneous energy is equally effective in capturing wave 'V' of ABR. So it can be concluded that this is a comparably effective technique. However, the limitation is noise disturbance which interferes with detection of ABR waves. A few false negative results were also noted but hopefully in future there will be improvement in technology and these problems will be overcome.
CONCLUSIONS
A new method of ABR wave detection has been designed. The new method of the ABR wave's detection such as described in this study is important in order to detect the hearing loss faster especially for infants and children. The results have shown in this study states that instantaneous energy of ABR signal can be used as marker in order to detect ABR waves. The performance of this method needs to be tested further.
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